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(34) Organic electroluminescent device 

(57) An organic EL structure is formed on a sub- 
strate (1 ), and a sealing sheet (3) Is located at a position 
above the substrate (1), where the sealing sheet (3) 
comes in no contact with the organic EL structure (2). A 
height from Ihe surface of the substrate, on which an 



organic EL device structure In a film form is provided, to 
a junction of the sealing sheet with the substrate has a 
vaJue larger than the value obtained by adding the size 
of an irregularity or undulation of the sealing sheet to 
the height of the organic EL structure. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to an organic EL (electroluminescent) device using an organic com- 
pound, and more specifically to an improvement in or relating to a sealing sheet usgd therewith 
[00023 *n recent years, organic EL devices have been under intensive Investigation. One such device is basically 
. bu.lt up of a thin film form of hofc transporting material such as triphanyldlamine (TPD) deposited by evaporation on a 
hole injecting electrode, a light emitting layer of fluorescent material such as an aluminum quinollnoJ complex CAkA 
arreted thereon, and a metal (electron injecting) sJectrode of a metal having a low work function such as MgTnd 
formed on the light emitting fayer. This organic EL device now attracts attentions because a very high luminance ranging 
from soveral hundred© to lens of thousands cd/mz can be achieved with a voltage of approximately 10 V 
[0003] A grave problem with an organic EL device is that it is acutely sensitive to moisture. Exposure of the organic 
EL device to moisture, for Instance, causes a fight emitting layer to peel off electrode layers, or materials forming part 
thereof to degenerate. This results in another problem that non-light emission spots called dark spots occur or anv 
consistent light emission cannot be kept y 
[0004] One approach known to solve this problem is io fix an airtight case, a sealing layer or th e like closely on a 
A/s TSSd'STl 69567 ti,ayGr 6trUCtlJre ' thereby rt fro ™ outside, as typically disclosed in JP- 

[00051 However, the provision of such a sealing layer in a box form is not suitable for the mass production of organic 
E L devices because of a production cost increase. For Such a sealing layer, inexpensive glasses are usually employed. 
When a glass sheet is used with no modification thereto, however, it is likely to coma Into contact with, or abutment 
on. a/i organic EL multilayer structure, resulting in a breakdown of the organic EL structure. In an effort, a Spacer or 
the like is used to bond a glass sealing sheet to an organic EL structure while the glass sealing sheet is kept at a height 
higher than the organic EL structure. Even when the portion of the glass sealing sheet bonded to the organic EL 
structure is kept at the required height, however. It Is like V that the undulations of the glass sealing sheet and a substrate 
WJlh an organic EL device stacked thereon cause the glass sealing sheet to come into contact with, or abutment on 
an organic EL device structure, resulting in a breakdown of the organic EL structure or the occurrence of dark spots' 
™ When the sealing sheet is kept at a height higher than required, on the other hand, a problem arises in (Wiunctlori 
*> with aimghtncss, and no suitable spacer is available. 

SUMMARY OF THE INVENTION 

[00061 An object of the invention is to provide an organic ELdevlce comprising a sealing sheet that can be produced 
at low costs yet with high productivity, and can be located in neither contact with nor abutment on an organic ELstructure 
while there is a proper clearance between them. 

[0007] As a result of studies of the contact or abutment of such a glass sealing sheet with or on an organic EL 
structure, the inventors have found that such contact or abutment is ascribable to the irregularities or undulations of 
the glass sheet. The inventors have also found that the more inexpensive the glass, the more noticeable the irrepu- 
larrt.es or undulations of the glass become, and that if a glass sealing sheet is located at a height larger the,n the size 
of an irregularity or undulation thereof, the contact or abutment of the glass sealing sheet with or on an organic EL 
structure can then be provided with a necessary minimum height. 
[0008] The aforesaid object is achieved by the inventions defined below as (1) to (B). 

(1) An organic ELdevlce. which comprises a substrate, an organic EL structure provided on the substrate and a 
sealing sheet located at a position above said substrate, where said sealing sheet is in no contact with said organic 
EL structure, and in which a height from a surface of said substrata, on which a film form of organic EL device 
structure is formed, to a junction of said sealing sheet with said substrate has a vaiue larger than a value obtained 
by adding a size of an irregularity or undulation of said sealing plate to a height of said organic EL structure 
<2) The organic EL device according to (1 ), wherein said sealing sheet is an unground flat sheet 

(3) The organic EL device according to (1 ) or (2), wherein the size of said irregularity or undulation of said seafino 
sheet is within 60 um a 

(4) The organic EL device according to any one of (1 ) to (3). wherein the height from the surface of said substrate 
on which aari film form of organic EL structure is formed, to the junction of said sealing sheet with said substrate 
Is up to 1 20 urn. 

(5) The organic EL device according to any one of (1) to (a), wherein a spacer Is interleaved between the surface 
^MuS^tatT 8Sld film ** m °' ° r9aniC EL s,ruc * ura te ,0 " T,et, and me i™**** 01 saW 8< »"ng sheet 
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(6) The organic EL device according to any one of (1 ) to (5), wherein a recess is provided in a lower 3idc of said 
sealing sheet and in at least an area of said sealing sheet that opposes to said organic EL structure, so that the 
height from The surface of said substrate, on which said film form of organic EL structure is formed, to the junction 
of said sealing sheet with said substrate is adjusted by a depth of said recess. 
* (7) The organic EL device according TO (6), wherein the recess in said sealing sheet is formed by sandblasting or 

cutting. 

<B) The organic EL device according to (6) or (7). wherein saW Sealing sheet is bonded to said substrate using an 
adhesive agent having a spacer of 3 to 10 um 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Figure 1 is a sectionaJ view illustrating one embodiment of the organic EL device according to the invention. 
[001 0] Figure 2 is a Seolional view illustrating another embodiment of the organic EL device according to the invention, 
wherein a recess is provided in a sealing sheet. 
« (QQ11J Figure 3 is a sectional view illustrating one exemplary arrangement of a conventional organic EL device. 

DETAILED EXPLANATION OF THE PREFERRED EMBODIMENTS 

[0012] Some specific embodiments of the invention will now be explained at great length. 

SO [0013] The organic EL device of the invention comprises a substrate, an organic E Latructure formed on the substrate, 
and a sealing sheet located ai a position above the substrate, where the sealing sheet is in no conlact with the organic 
EL device. The height from the surface of the substrate, on which the organio EL structure in a film form is formed, to 
the junction of the sealing sheet with the substrate has a value larger than the value obtained by adding the size of the 
irregularity or undulation of the sealing sheet to the heighl of the organic EL device. By locating the sealing sheet at 

ss the height having a value larger than the value obtained by adding the size of the Irregularity or undulation of the sealing 
sheet to The height of the organic EL device, it is thus possible to prevent any interference between the scaling sheet 
and the organic EL structure wiTh a necessary minimum height 

[0014] The sealing sheet in a flat sheet form may be made of transparent or transrucent malerials such as glasses, 
quartz, and resins. However, preference is given to glasses. Preferable glass materials, for instance, include soda lime 

30 Glass, lead alkali glass, borosilicate glass, aiuminosjlieate glass, and silica glass. Preferably, the glass material© are 
formed into sheets by rolling-out, down loading, fusion, and floating processes. If required, the glass materials are 
treated on their surfaces by grinding, SiO a barrier coating or the like. Of these glass materials, a soda time glass sheet 
made by the floating process and subjected to no surface treatment is preferable because it can be used at fow costs. 
[001 6] The size of the irregularity or undulation of the seating sheet Is herein defin ed by a displacement of irregularities 

as of other portions of an inside major surface of the sealing sheet with respect to a plane that connecTSTogether junctions 
Of the sealing sheet with the substrate. The Junction of the sealing sheet is understood to refer to an area thereof that 
opposes to the substrate and is other Than an area thereof that opposes to the organic EL structure, said area Of the 
sealing sheet being fbcable to the substrate using an adhesive agent The size of such an irregularity or undulation is 
preferably up to 60 ujti, and more preferably up to 50 um. The lowsr limit to that size fs at least 1 um although the 

<0 invention is not particularly limited Thereto. Even more preferably, the size is within the range of 1 0 to 40 pm. A sealing 
sheet having irregularities or undulations within this range is inexpensively available, and Is not affected by such irreg- 
ularities or undulations, 

[0016] Prelerably. the sealing sheet is located at a height that is larger than the thickness obtained by adding the 
irregularity or undulation of the seaJlng sheet to the height of the film form of organic EL structure (that Is understood 

45 to refer to an organic EL structure comprising a laminate of organic layers such as hole injecting electrode and light- 
emitting layers and an electron injecting electrode, etc. except the Sealing sheet). Preferably in this case, a gap from 
the lowermost end face of th e sealing sheet to the upper end of the organic EL structure is at least 40 urn and especially 
at least 1 00 um. Although there is no upper limit to the gap, it is pref ened that the gap is at most about 200 um. because 
too large a gap may offer a problem in connection with the sealing effect achieved. 

so [0017] The sealing sheet may be used without intermediary. However, it is preferable that a recess having some 
deplh is provided In the lower side (Inside) of the sealing sheet i.e., The surface of the sealing sheet that opposes to 
the organic EL structure. In this Case, the lower end face of the sealing sheet that represents a reference with respect 
to the organic EL structure is defined by the bottom of the formed recess. The recess is formed by cutting off or otherwise 
removing at least a portion of the sealing sheet thai opposes to Ihe organic EL structure, or may possibly come in 

55 contact with or abutment on the organic EL structure. Although It Is acceptable that the bottom of the recess has some 
Irregularities or undulations, yet it Is preferable that the portion of the sealing sheet nearest to The organic EL structure 
is located at a height higher than the upper end ol th e organlo EL structure. Although varying depending on the thickness 
of the sealing sheet, the depth of the recess to be provided is preferably about 5 to 30% and more preferably about 5 
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to 20% of the sealing sheet, or usually about 50 to 200 pm and especially about 80 to 150 um. 
[0018] The recess may bo provided in the seeing sheet by a suitable process selected from the moans known to 
machine or otherwise process glasses, quartz, resins, etc. For Instance, glass may be processed by sandblasting, 
etching, ultrasonic processing, etc. Of these processes, sandblasting and grinding are preferred wtth sandblasting 

5 being most preferred because of its low production cost. 

[0019] How to control the height of the sealing sheet is not critical to the practice of the invention. However, it is 
preferable to use a spacer. By use of the spacer, It fs possible to obtain the desired height inexpensively yet easily. 
The spacer material may be resin beads, silica beads, glass beads, glass fibers, etc., with glass fibers being most 
preferred. UsuaJly. the spacer has a thickness of preferably about 1 to 500 Mm. mere preferably about 10 to 200 pm 

1Q and even more preferably about to to 20 urn, or about 1 00 to 200 pm. 

[0020] The spacer may or may not be used when the recess is provided In the sealing plate. When the spacer {9 
used, its size is preferably within the aloresaJd range, and more preferably within the range of 10 to 20 pm. Usually, 
the amount of the adhesive agent applied is preferably about 1 to 100 mgfcm 2 , and more preferably about 1 to 10 mg7 
cm 2 although varying with the size of the spacer used, etc. 

» [0021] Preferably, the spacer is used in cornbinat'on with a sealing adhesive agent, so that the spacer can concur- 
rently be fixed and sealed. Usually, the spacer is in the form of particles having a uniform panicle size, and its shape 
is not particularly critical to the practice of the invention. In other words, the spacer may be used in various forms with 
the proviso that it can serve Its own function, ft Is here to be noted that when the spacer also serves as an adhesive 
agent, the spacer may be provided to the sealing sheet as an integral piece. 

[00221 For the adhesive agent, it is preferable to Use a cation curing epoxy resin of the ultraviolet curing type. Each 
of the organic layers forming the organic EL structure has a glass transition temperature of usually 140°C or lower, 
and especially about 80 to 100'C. For this reason, an ordinary thermosetting type adhesive agent cannot be used with 
an organic EL device, because its setting temperature is of the order of 140 to 100*0; the organic EL structure is 
softened upon the setting of the adhesive agent, resulting in a deterioration in its performance. With an ultraviolet curing 

& type adhesive agent, on the other hand, such a softening problem does not arise. However, a commonly used current 
ultraviolet curing type adhesive agent is an acrylio adhesive agent which is found to have an adverse influence on 
structural materials forming the organic EL structure because of the volatilization of the acrylic monomer contained 
therein during curing. As a consequence, the performance ot the organic EL structure suffers deterioration. In the 
practice of the invention, it Is thus preferable to use the aforesaid cation curing type ultraviolet curing epoxy resin 

30 adhesive agent which is completely or substantially free of such problems. 

[0023] Commercially available ultraviolet curing type epoxy resin adhesive agents include a combined ultraviolet and 
heat curing type epoxy resin adhesive agent. In this case, a radical curing type acrylic resin Is often mixed or modified 
with a heat curing type epoxy resin. In other words, this adhesive agent is not preferable for use with the organic EL 
device of the invention because the problem incidental to the volatilization of the acrylic monomer in the acrylic resin 

36 or the problem in connection with the setting temperature of the thermosetting type epoxy resin remains still unsolved: 
[0024] By the 'cation curing type ultraviolet curing epoxy resin adhesive agenf used herein is intended an adhesive 
Bgent of the lype which contains as a primary curing agent a Lewis acid-base type curing agent subjected to photo- 
decomposition upon ultraviolet or other fight irradiation to release a Lewis acid catalyst, and in which a main component 
epoxy resin is polymerized and cured through a cation polymerization type reaction mechanism while a Lewis acid 

40 generated by light irradiation acts as a catalyst. 

[0025] The epoxy resin contained as the main component in the aforesaid adhewve agent, for Instance, includes an 
epoxidized olefin resin, an alicyclic epoxy rosin, and a novolak epoxy resin. The aforesaid curing agent, for instance. 
Includes a Lewis acid-base of aromalic diazonium, a Lewis acid-base of diaUyJlodonlum. a Lewis acid-base of tr tally I- 
sulfonium, and a Lewis acid-base of trial lyfselenium. 

4S [0026] The organlo EL device closed up with the adhesive agent Is preferably filled therein with an Inert gas such as 
He, N 2 . and Ar. It is then desired that the inert gas filled in this airtight space contain moisture in an amount of preferably 
up to 100 ppm, more preferably up to 10 ppm. and even more preferably up to 1 ppm. The lower limit to this moisture 
content Is usually about 0.1 ppm although the Invention is not limited thereto. 

[0027] Preferably but not exclusively, the height of the organic EL structure provided in a film form is In the range of 
so usually 100 to 1,000 nm. and especially 300 to 800 nm. Also, the distance of the surface of the substrate, on which 
the film form of organic EL structure is provided, to the lower end face of the sealing sheet is preferably up to 200 um, 
and especially between about 80 tun and about 150 um. 

[0028J The organic EL device of the invention will then be explained wfth reference to Figures 1 to 2. 
[0029] Figure 1 is a sectional view of one embodiment of the organic EL device according to the Invention. As illus- 
$s trated, the organic EL device of the invention comprises a substrate 1 , an organic EL structure 2 stacked on the substrate 
1 , a sealing sheet 3 located on the organic EL structure 2 with a predetermined space between them, and a spacer 4 
located at a junction 3a of the sealing eheet 3 with the substrate 1 for keeping the searing sheet 3 at a given distance 
from the substrate 1. It is here to be noted that the junction 3a is coated or otherwise applied with an adhesive agent 
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(not shown) to fix the sealing sheet 3 to the substrata 1 . As Illustrated, the sealing sheet 3 has an irregularity or undulation 
whose size is represented by a, and a distance £ from the upper end of the organic EL structure to the junction of the 
seafrng sheet with the substrate is larger than the size a of the irregularity or undulation. Thus, a distance d from the 
surface of the substrate 1 , on which the film form of organic EL structure is provided, to the Junction 3a of the sealing 
sheet 3 is given by a height e of the organic EL structure plus the size a, of the irregularity or undulation plus a given 
' v - "■*^ v > e. 



[0030] Figure 2 illustrate* another embodiment of the organic EL device of the invention, wherein a recess 3b is 
provided in at least a portion of a Sealing sheet 3 that opposes lo an organlo EL structure 2 fortho purpose of preventing 
the scaling sheet from interfering with the organic EL structure. More illustratively, Ihe recess 3b having a given depth 
b is formed in a portion of the sealing sheet that opposes to the organic EL structure 2, whereby a given space b can 
be defined between the upper end of the organic EL structure and the lower end face of the sealing sheet 3 (r e the 
bottom of the recess). In this case, too, ft is possible to prevent the scaling sheet 3 from coming Into contact wilh.'and 
interfering with the organic EL structure 2. Here the lower end face of the sealing sheet 3 represents the bottom of the 
recess, and a height d from the surface of the substrate 1 to the lower end face of the sealing sheet 3 is given by adding 
the aforesaid space b to the heights toe organic EL structure. In this embodiment, a Junction 3a of the sealing sheet 
3 Is flush with the upper end of the organic EL structure. However, the junction 3a may be located above or below the 
upper end of the organic EL structure, and may be located at a position lower than that in the aforesaid embodiment 
Although depending on the height of ihe organic EL structure, and the depth of the recess, the junction 3a may be 
bonded directly to the upper face of the substrate 1 without using a spacer 4. 
30 (003!] Next prganic el structure forming part of the organic EL device according to the Invention is explained 
The organic EL structure of the invention comprises on the substrate a hole injecting electrode, an electron Injecting 
electrode, and at least on a organic layer interleaved between both the electrodes. Each or the organic layer comprises 
at least one hole transporting layerand at least one light emitting layer, and is provided thereon with an electron inject™ 
electrode. In addition, a protective electrode may be provided in the form of the uppermost layer. It is to be noted that 
ss the hole transporting layer may be dispensed with. The electron injecting electrode in a film form is made up of a metal 
having a low work function or a compound or alloy thereof by means of evaporation, and sputtering techniques, pref- 
erably a sputtering process. 

[0032] For the hole injecting electrode, it is usually preferable to use a transparent electrode because the organic 
EL device is designed to take out the emitted light from the substrate side thereof. Such a transparent electrode for 
instance, include ITO (tin-doped indium oxide). IZO (2fne-doped indium oxide), ZnO, SnCfe, and ln 2 0 3 , with ITO (tin- 
doped indium oxide), and IZO (zinc-doped indium oxide) being preferred. Referring to ITO, ft is desired lhat the mixing 
ratio of SnOj with respect to In^ be in the range of 1 to 20 wt%, and especially 5 to 1 2 wt%. Referring to IZO, it is 
again desired that the mixing ratio of ZnO with respect to in^Cfe be in the range of 1 to 20 wt%. and especially 5 to 12 
wt%. Besides, ITO, and IZO may contain an oxide form of Sn. Ti r Pb, etc. in an amount of up to 1 wt% calculated as oxide 
[0033] The hoJe injecting electrode may be formed as by evaporation, but should preferably be formed by a sputtering 
technique. When a Sputtering process is applied to the formation of an ITO or IZO electrode, it is preferable to use a 
target comprising Jn^ doped with SnC^ or ZnO. An ITO transparent electrode, when formed by the sputtering tech- 
nique, suffers a lesser light emission luminance change with time, as compared with an electrode formed by evapora- 
tion. For the sputtering technique, it is preferable to use DC sputtering. Power input is then preferably in the range of 
40 0.1 to 4 W/cm 2 , Power input for a DC sputtering system in particular is in the range of preferably 0.1 to 10 W/cm* and 
more preferably 0.2 to 5 W/crn* The film forming rate is preferably in the range of 2 to 1 00 nm/min., and especially 5 
tosOnnVmin. 

[0034] Preferably but no exclusively, an inert gae such as Ar, He. Ne. Kr. and Xe or a mixture of such inert gases Is 
used as the sputtering gas. The sputtering pressure of such gases may usually be of the order of 0.1 to 20 Pa. 
45 C°035] The hole injecting electrode may have at least a certain thickness enough for hole injection; that is, it may 
have a thickness of usually 5 to 500 nm, and especially 1 0 lo 300 nm. 

[0036] For the material that forms a film form of electron Injecting electrode, it is preferable to use a material effective 
for Injection of electrons and having a low work function, e.g.. any one of metal elements K, Li, Na, Mg, La Ce, Ca, 
Sr. Ba, A!, Ag, In. Sn, Zn. Zr. Cs, Er, Eu. Ga, Hf, Nd. Rb. Sc, Sm, Ta. Y and Yo, or compounds such as BaO, BaS 
CaO. HIC. LbBe, MgO. MoC, NbC. PbS. SrO. TaC f ThC, ThCfe. ThS. TIC, TIN, UC, UN, UCfe. W 2 C, ZrC. ZrN 

and ZrOfr To improve the stability of the electrode, it is also preferable to use binary or ternary alloy systems containing 
metal elements. Preferred alloy systems, for instance, are aluminum alloy systems such as AI*Ca (Ca: 5 to 20 at%) 
AMn (In: 1 to 1 0 at%). ALU (0. 1 al% £ U < 20 ai%). and Al-R where R stands for a rare earth element including Y and 
Sc. and In-Mg systems (Mg: 50 to 60 at%). Particular preference is given to pure Al. and aluminum alloy systems such 
as AJ-LI {0.4 at% S U < 6.5 at% or 6.5 at% < Li S 1 4 at%). and Al-R (R: 0.1 to 25 at%. and especially 0.5 to 20 at%) 
because they are unlikely to produce compression stress. Thus, such electron injecting electroda^forming metals or 
alloye are usually employed as sputtering targets. These metals or alloys have a work function of 4.5 eV or lower. In 
the practice of the invention, it is particularly preferaJb le to use metals or alloys having a work function of 4 0 eVor lower. 
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[0037] In the electron infecting electrode film formed by the sputtering technique, the atoms or atom Groups upon 
sputtering have a kinetic energy relatively higher than would be oblarncd with the evaporation technique, so that the 
adhesion of the electron injecting electrode film to the organic layer at their interface is Improved due to a surface 
migration affect Jn addition, an oxide layer is removed in vacuum from the surface of the electrode by pre-eputtering 
or moisture or oxygen is removed from the organic layer interface, on which they are absorbed, by reverse sputtering 
to form a clean electrodeorganic layer Interface or a clean electrode, so that consistent organic EL devices of high 
quality can be produced. For the target, the alloys having the aforesaid composition range, and pure metals may be 
U !!w^ IOnQ °* ,n COfTlblnatl0n ^ an aclditional target comprising a subordinate component or components or with the 
addition or a subordinate component or components therelo. ft Is also acceptable to use a mixture of materials having 
largely varying vapor pressures as the target, because there Is only slight a deviation of the composition of the resultant 
fflm from the target composition. There is thus no limitation on the material used with the sputtering technique, whereas 
there are somo limitations such as vapor pressure on the evaporation technique. The sputtering technique is additional 
advantageous over the evaporation technique in terms of consistent film thickness and quality as well as productivity 
because It Is unnecessary to feed the raw material over an extended period of time. 

[003S] The electron injecting electrode formed by the sputtering technique is a film eo very dense that the penetration 
of moisture into the film is muoh more reduced as compared with a coarse film prepared by evaporation, and so the 
chemical stability of the film Is much more increased. This ensures the production of organic EL devices having an 
ever longer service life. 

[003d] Preferably, the sputtering gas pressure during sputtering is in the range of 0.1 to 5 Pa By regulating the 
t sputtering gas pressure within this range, it Is possible to easily obtain an AIU alloy having an Li concentration In the 
aforesaid range. By altering the sputtering gas pressure In the aforesaid range during film formation, rt is also possible 
to easily obtain an electron Infecting electrode having such an U concentration gradientas defined above. Film formation 
conditions are preferably such that the product of the film-forming gas pressure and the substrate-target distance 
satisfies 20 to 65 Pa*cm. 

[0040] For the sputtering gas. use is made of inert gases employed with ordinary eputtering systems For reactive 
sputtering, reactive gases such as rsfe, H 2 , Cfe. CjjH* and NH 3 may be used in addition to these gases, 
[0041] in the practice of the invention, it is possible to use an RF sputtering process using an RF power source or 
the like as the sputtering technique. In view of the ease with which the fifrn forming rale is controlled, and Jess damage 
to the organic EL structure, however, it is preferable to use a DC sputtering process. Power for operating a CD sputtering 
system is in the range of preferably 0.1 to 10 W/cm*. and especially 0.5 to 7 W/cm* The film forming rale is preferably 
in the range of 5 to 100 nm/min., and especially 10 to 60 nm/mln. 

[0042] The thin film form of electron injecting electrode may have at least a certain thickness enough for the injection 
of electrons, e.g., of at least 1 nm, and preferably at least 3 nm. Thus, a film thickness of the order of 3 to 600 nm is 
usually preferable although there Is no upper limit thereto. 

[0043] The organic EL device of the invention may preferably have a protective electrode on the electron injecting 
electrode, i.e., on the side of the electron injecting electrode that faces away from the organic layer. By the provision 
of the protective electrode, the electron injecting electrode Is protected against the air, moisture, etc., so that the deg- 
radation of the constituting thin film can be prevsnted, resulting In the stabilization of electron injection efficiency and 
an ever greater increase In the service life of the device. The protective electrode has a very low resistance and so 
may also function as an Interconnecting electrode when the electron injecting electrode has a high resistance The 
protective electrode may contain at least one of Al; Al and a transition metal except Ti; Tu and titanium nitride (TIN) 
When these are used afonB, the protective electrode preferably contains Al In an amount of about 90 to 100 at% Tl in 
an amount of about 90 to 100 at%, and TiN in an amount of about 90 to 100 mol%. Two or more of Al, Tl and TIN may 
be used at any desired mixing ratio. For Instance, a mixture of Al and Ti prelerably contains Tl In an amount of up to 
10 at%. Alternatively, it Is acceptable to laminate together laminae each containfcg a single species. In particular 
favorable results are obtained when Al or Al plus transition metal are used as the interconnecting electrode to be 
described later. TIN, on the other hand, provides a film having a striking sealing effect because of its good corrosion 
resistance. For TiN, an about 10% deviation from Its stoichiometric composition is acceptable. In addition, Al alloys, 
and transition metal alloys may contain transition metals, especially Sc. Nb, Zr, HtNd. Ta, Cu, Si. Cr. Mo, Mn Ni Pd' 
Pt and W in the total amount of up to 10 at%, especially up to 5 at%, and more especially up to 2 at%. vVnen the 
protective electrode functions as the interconnecting material, the thin film resistance becomes lower with a decrease 
k\ the content of the transition metal. 

[0044] The protective electrode may have at least a certain thickness enough to make sura of electron injection 
efficiency and prevent penetration of moisture, oxygen or organic solvents, for instance, of at least 50 nm. preferably 
at least 1 00 nm. and especially 1 00 to 1 ,000 nm. With too thin a protective electrode layer, neither are the advantages 
of the invention obtainable, nor Is sufficient connection with terminal electrodes obtainable because the ability of the 
protective electrode layer to cover steps becomes low. When the protective electrode layer is too thick, on the other 
hand, the growth rate of dark spots becomes high because of an increase in the stress of the protective electrode layer 
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it is here 1© be noted that when the protective electrode functions as an interconnecting electrode, Its thickness may 
be usually of the order of 1 00 to 500 nm so as to make up for the high film residence of the electron injecting electrode 
due to its thinness, and that when the protective electrode functions as other Interconnecting electrode its thickness 
may be of the order of 1 00 to 300 nm. 

[0046] Preferably but not exclusively, the total thickness of the electron injecting electrode plus the protective elec- 
trode Is usually of the order of 100 to 1 .000 nm, 

[0046] In addition to the aforesaid protective electrode, an additional protective film may be formed after the formation 
of the electrode. Tne protective film may be formed of either an inorganic materia! such as SiOx or an organic materia! 
such as Teflon, and a chtorinc-containing carbon fluoride polymer. The protocth/e film may be either transparent or 
opaque, and has a thickness of the order of 50 to 1.200 nm. The protective film may be formed either by the aforesaid 
reactive sputtering procese or conventional processes such as gsneral sputtering, evaporation or PECVD. 
[0047] Next, the organic material layers provided in the Organic EL device of the invention are explained. 
[0040] The light emitting layer has functions of injecting holes and electrons, transporting them, and recombining 
holes and electrons to create excitons. For the light emitting layer. It is preferable to use a relatively electronically 
neutral compound. * 
[0049] The hole injecting and transporting layer has functions of facilitating injeclion of holes from the hole Injecihg 
electrode, providing stable transportation of holes and blocking electrons, and the electron injecting and transporting 
layer has functions of facilitating injection of electrons from the cathode, providing stable transportation of electrons 
and blocking holes. These layers are effective for increasing the number of holes and electrons injected into the light 
emitting layer and confining holes and electrons therein for optimizing the recombination region to improve light emis- 
sion efficiency. 

[0050J The thickness of the light emitting layer, the nolo injecting and transporting layer, and the electron injecting 
and transporting layer is not critical and varies with a particular formation technique although it is usually of the order 
of preferably 5 to 500 nm, and especially 1 0 to 300 nm. 

[0051] The thickness of the hole injecting and transporting layers, and the electron injecting and transporting layer 
Is equal to, or about 1/10 times to about 1 0 times as large as the thickness of the light emitting layer although it depends 
on the design of the recombination/light omitting region. When the electron or hole Injecting and transporting layer is 
separated into an injecting layer and a transporting layer, it is preferable that the Injecting layer is at least 1 nm thick 
and the transporting layer is at least 1 nm thick. Tne upper limit to thickness Is usually about 500 nm for the injecting 
layer and about 500 nm for the transporting layer. The same film thickness applies when two injecting and transporting 
layers are provided. 

[00521 In the organic EL device according to the Invention, the light emitting layer contains a fluorescent material 
that is a compound capable of emitting light. The fluorescent material used herein, for instance, may be at least one 
compound selected from compounds such as those disclosed in JP-A 63-264692, e.g., qulnacridone, rubrene, and 
styryl dyes. Use may also be made of qulnoline derivatives such as metal complex dyes containing B-qulnolinol or Its 
derivative as ligands, for instance, tris(Q-qulnofinolato)aluminum. tetraphenylbutadlene, anthracene, perylene, cor- 
onene, and 12-phthaloperlnone derivatives. Use may further be made of phenylanthracene derivatives disclosed In 
Japanese Patent Application No. 6-110569 and tetraaryi ethane derivatives disclosed in Japanese Patent Application 
No. 6-114456, 

[0053] Preferably, the fluorescent compound is used in combination with a host substance capable of emitting light 
by itself; that is, it is preferable that the fluorescent compound is used as a dopant. In such a case, the content of the 
fluorescent compound in the light emitting Sayer is in the range of preferably 0.01 to 10% by weight, and especially 0.1 
to 5% by weight. By using the fluorescent compound in combination with the host substance, il is possible to vary tho 
wavelength performance of light emission, thereby making light emission possible on a longer wavelength side and, 
hence, improving the light emission efficiency and stability of the device. 

[0054] Ouinolinolato complexes, and aluminum complexes containing B-quindrnol or its derivatives as Jigands are 
preferred for the host substance. Such aluminum complexes are typically disclosed in JP-A'e 63-264692. 3-255190 
5-70733, 5-25885a 6-21 5S74. etc. 

[0055] Exemplary aluminum complexes include trfs(B-qulnolino4ato>aluminum, bls(6<|uinollnolato)magnesium, bis 
(benzo{f}-3-quinolinolato)2inc. bis(2-methy^a-quinolinolato)aluminum oxide. tri6(8-qulnolinolato)tndium t tris(5-meihyl- 
8-qulnormolato)aluminum, 8-qulnolinolatolithium. tris(5-chloro-9-qurnolinolato)galIium, bis(5-chloro-8-quinolinolato) 
calcium, 5,7-dichloro-e-quinolinoJatoaluminum, trie<5,7-dibromo^-hydroxyqulnolinolaio)aluminum, and polyfzincfll)- 
bis (8-hydroxy-5-qulnoIlnyf)meihaneJ. 

[QOSs] Use may also be made of aluminum complexes containing other Dgands in addition to B-qulnolinol or Its 
55 derivatives, for instance, b«(2-methyW^inollnolato)(phenolato) aluminum (III), bis(2-memy1-6-qulnoJHolato)(o- 
cresolato) aluminum (III), bi5(2-mothyl-8-q U mollnolate>(m-cresolato) aluminum (III), bis(2-methyl-e^uinolinolato)(p~ 
crasolato) aluminum (III), bis(2-rrwthyl^-qulnolinola^ (1(1), bis(2-methyl-0^ulnolinota- 

to)(m-phenylphenolato)aluminum (111). bis(2-methyl-8^qulnoflnolato) (p-phenylphenotato)alumlnum (III). bls(2-methyl- 
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8-quinolinoJatO)(2,3-dim0thylphonolato)aluminum (III), Ws(2^hyl^^uinolir>olato)(2.6-dlmQthyfph9noiaJo)aluniinum 
(III), bls{2-m9thyl-8^uinolinolato)(3.4-dlm«Thylprienolato)aluminum (III), bls(5-methyl^uinQlinolato)(3 t 5-dlmethy|. 
phenolato) aluminum (III), bie(2-msihy|-8-q U ino]inolato)(3.5<JI-tfirt-bulylphBnolato) aluminum (III), btetf^ethyt-fl-qui- 
nofmelato) (2,6^lpr>errylphenotato)alumlnum (III), bis(2-meihyl-B-qulno!lnoiato)(2,4,6-tri(^enylphenolato)aluminum 

s (ill), bifi(2-methyl-e-quinolinolato) (2,3.6-trimcthyl-phenolato) alumhum (III), bie(2-melhyl-B-quinoifrwlato) (2 3 5 6-te- 
tramothyjphenolato)aluminum (III), bls(2-melhyl-BH5ulnoBnolato)(1.naphlholalo)alumlnum (III), bis(2-metriy^uino- 
llnolato)(2-naphmolato)alumlnum (III), bis(2^-cJlmelhy^^uinoI(nolalD)(o^h©nylphenolatD)aruminufn (III) bis 
(2,4-dmnGifiyl-8-qulnolinolato) (p-phenyfphenolato)ahjmlnurn (III), bis(2.4-dimethyl-a-quino»nolato)(m'phanylphenola- 
to) aluminum (III), bis(2,4^lmothyl-8^ufnol]nolato)(3 l 5-djmothylphonolato)alumlnum (III), bis(2,4-dimelhyl-fl-quino- 

10 lfnolato)(3 l 5-di-tort-butylph9noJato)alumlnum (III), bte(2-methyl-4.ethy|^-qulnolinolato)(pH5re«>lato)aluminum (Til), bis 
(2^6thyl-4HTi©thoxy-8-quinoHnoiato)(p-phanyl-pheno!ato)alumlnum (111), bis(2-meihyl-5-cyano^e-qulnollnolato)(o- 
cresolalo)aJuminum (III), and bls(2siiethyl^-trmuoromomyl-B^uinolinolalo)(2-naphtholaio)aluminum (III). 
[00S7] Besides, use may be made of bi6(2-methyha^uinollnolato)aluminum (lll)-u,-oxo*is(2-methyl -B-quinollnolalo) 
aluminum (III), bfe(2,4^imeuiyl^^holinolato)a!uminum CIH)ii-oxo-bi5(2.4-dimethyl^-<njinolinolato)alumlnum (III) 

15 bis(4-athyl-2-me1hyl-e-quinolinofato)alumlnum (l!l)-u-ox«»-bis(4^ethy|.2-mathyl-B-quinoIlnolato)aluminum (III), bis 
(2-methyl-4-meihoxyquinofinolaio)alumlnum (lll)-^HC*o*is<2-rrwthyl^memc^ (III), bis(5^cy- 

ano-2-methyl^^uinolindato)aluminum 0ll)-U<ao-ble(5^yano^2-rr»thyW^uinoljnorato)alumlnum (III), bls(2-methyl- 
5-tnfiuoromethyl^-qiifnollnolato)alummum (lll)^K>xo.bis(2^ethyl-54rifluoromeihyha-quinDlinolato)alum[num (III), 
etc. 

SO [005SJ Other prafarabfe host substances include phenylanthracene derivatives disclosed in Japanese Paten! Appli- 
cation No. 6-110569. letraarytethertB derivatives discloaed In Japanese Patent Application No. 6-114456. etc. 
[0059] In the practice of the invention, the light emitting layer may also serve as an electron Injecting and transporting 
layer, in this case, it is preferable to use a fluorescent material, e.g., lris<8-quinolino{ato)atuminurn or the like, which 
may be provided by evaporation, 

3S [0060] If necessary or preferably, the light emitting layer re formed of a mixed layer of at least one compound capable 
of injecting and transporting holes with at least one Compound capable o! injecting and transporting electrons. Prefer- 
ably in this case, a dopant is incorporated in the mixed layer. The content of the dopant compound in the mixed layer 
is in the range of preferably 0.01 lo 20% by weight, and especially 0. 1 1o 1 5% by weight. 

[00S1J In the mixed layer with a hopping conduction path available for carriers, each earner migrates In the polarty 
so prevailing substance, so making the injection of carriers having an opposite polarity unlikely to occur. This leads to an 
Increase in the service life of the device due to less damage to the organic compound. By incorporating the aloresaJd 
dopant in such a mixed layer, it Is possible to vary the wavelength performance of light emission that the mixed layer 
itself possesses, thereby shifting the wavelength of light emission to a longer wavelength side and improving the in- 
tensity of light emission, and the stability of the device as wolf. 
55. [0062] The compound capable Of injecting and transporting holes and the compound capable of injecting and trans- 
porting electrons, both used to form the mixed layer, may be selected from compounds for the Ejection and transpor- 
tation of holes and compounds for the injection and transportation of electrons, as wi« be described later. Especially 
for the compounds for the injection and transportation of holes, it is preferable to use amine derivatives having strong 
fluorescence, for instance, hole transporting materials such as triphenyldiamine derivatives, styrylamine derivatives, 
40 and amine derivatives having an aromatlo fused ring. 

[0063] For the compounds capable of Injecting and transporting electrons, it is preferable to use metal complexes 
containing quinoline derivatives, especially B-quinolinol or Its derivatives as Uganda, in particular, tris(8-qulnolinolato) 
aluminum (Alq3). It is also preferable to use the aforesaid phonylanthracene derivatives, and tetraarylethene derive- 
tives. 

45 [0064] For the compounds for the injection and transportation of holes, It Is preferable to use amine derivatives having 
strong fluorescence, for instance, hole transporting materials such as triphenyldiamine derivatives, styrylamine deriv- 
atives, and amine derivatives having an aromatic fused ring. 

[006GJ In this case, the ratio of mixing the compound capable of injecting and transporting holes with the compound 
capable of injecting and transporting electrons is determined while the carrier mobility and carrier density are taken 
into consideration. In general, however, it is preferred that the weight ratio between the compound capable of injecting 
and transporting holes and the compound capable of Injecting and transporting electrons is of the order of 1/g9 to 09/1 , 
particularly 1 0790 to 90/1 0, and more particularly 20/80 to 80/20. 

[0066] The thickness of the mixed layer must correspond to the thickness of a single molecular layer, and so is 
preferably less than the thickness of the organic compound layer. More specifically, the mixed layer has a thickness 
of preferably 1 to 35 nm, especially 5 to 60 nm, and more especially 5 to 50 nm. 

[0067] Preferably, the mixed layer is formed by co-ovapcratlon whero the selected compounds are evaporated from 
different evaporation sources. When the compounds lo be mixed have Identical or slightly different vapor pressures 
(evaporation temperatures), however, they may have previousfy been mixed together in the same evaporation boat 
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for the subsequent evaporation. Preferably, the compounds are uniformly mixed together in the mixed layer. However, 
the compounds in an archipelagic form may bo present in the mixed layer. The right emitting layer may generally bo 
formed at a given thickness by the evaporation of the organio fluorescent substance or coating a dispersion of the 
organic fluorescent substance in a resin binds/. 
S PW68J For Ihe hole injecting and transporting layer, use may be made of various organic compounds as disclosed 
in JP-A's 63-295695, 2-191694* 3-792, 5-234681, 5-239455, 5-299174, 7-126225. 7-126226 and 8-100172 and EP 
O650955A1. Examples are tatraarylbenzidine compounds (triaryldiamlne or tripheny (diamine fTPD)), aromatic tertiary 
amries, hydrazona derivatives, carbezole derivatives, trlazofe derivatives. Imidazole derivatives, oxadiazole deriva- 
tives having an amino group, and polythiophenes. Where these compounds are Used in combination of two or more, 
w they may be stacked as separate layers, or otherwise mixed. 

[0069] When the hole Injecting and transporting layer is provided as a separate hole injecting layer and a separate 
hole transporting layer, two or more compounds are selected in a preferable combination from the compounds already 
mentioned for the hole injecting and transporting layer. In this regard, it is preferred to laminate layers In suoh an order 
thai a compound layer having a lower Ionization potential Is disposed nearest to the hole injecting electrode (ITD, etc.) 
it fs also preferred to use a compound having good thin film forming ability at the surface of the anode. This order of 
lamination holds lor the provision of two or more hole injecting and transporting layers, and Is effective as well for 
towering driving voltage and preventing the occurrence of current leakage and the appearance and growth of dark 
spots. Since evaporation is utilized In the manufacture of devices, films as thin as about 1 to 10 nm can be formed in 
a Uniform and pinhole-free state, which restrains any change in color tone of light emission and a drop of efficiency by 
so rc-absorptlon even if a compound having a low ionization potential and absorption in the visible range Is used in the 
hole injecting layer. Like the light emitting layer and so on, the hole injecting and transporting layer or layers may be 
formed by evaporating the aforesaid compounds. 

[0070] For the electron injecting and transporting layer which is provided if necessary, there may be used quinoiino 
derfvativee such as organic metal complexes containing 8-quinolinol or its derivatives as ligande. for instance, trls 
(B-quinoIinolato)aiuminum (Alq 3 ).; oxadiazole derivatives, perylane derivatives, pyridine derivatlvee; pyrimidine deriv- 
atives, quinoxaline derivative, diphenyfquinone derivatives, and nrtro-eubstituted fluorene derivatives, The electron 
injecting and transporting layer may also serve as a light emitting layer. In this case, it is preferable to use tris(B-qui- 
nolilato)aiuminum, etc. As is the case with the light emitting layer, the electron Injecting and transporting layer may 
then be formed by evaporation or the like. 

30 [0071] Where the electron injecting and transporting layer Is a double-layered structure comprising an electron in- 
jecting layer and an electron transporting layer, two or more compounds are selected in a preferable combination from 
.the compounds commonly used for electron injecting and transporting layers. In this regard, ft is preferred to laminate 
layers in such an order that a compound layer having a greater electron affinity Is disposed nearest to the electron 
Injecting electrode. This order of lamination also applies where a plurality of electron injeetfng and transporting layers 

os. are provided. 

[0072] The substrate may be provided with a color filter film, fluorescent materlaJ-coniaining color conversion film or 
dielectric reflecting film for controlling the color of light emission 

[0073] For the color filter film, a color filter employed with liquid crystal display devices may be used. However, ft is 
preferable to control the properties of the color filter In conformity to the light emitted from the organic EL device, thereby 
optimizing the efficiency of taking out light emission and color purity. 

[0074] By using a color filter capable of cutting off extraneous light of such short wavelength as absorbed by the EL 
device material or the fluorescent conversion layer, It Is possible 10 Improve the light resistance of the device and the 
contrast of what is displayed on the device. 

[0075] Instead of the color filler, an optical thin film such as a dielectric multilayer film may bo used. 
45 [0076] The fluorescent color conversion film absorbs light emitted from an EL device and gives out light from the 
phosphors oonlaoned therein for the color conversion of light emission, arid is composed of three components, a binder, 
a fluorescent material and a light absorbing material. 

[0077] In the practice of the Invention, it is basically preferable to use a fluorescent materia) having high fluorescent 
quantum efficiency, and especially a fluoresceni material having strong absorption in an EL light emission wavelength 
SO region. Laser dyes are suitable for the practice of the invention. To this end, for instance, h is preferable to use rohod- 
amine compounds, perylene compounds, cyan in e compounds, phlhalocyanine compounds (including eubphthalocy- 
anine compounds, etc.), naphlhatoimide compounds, fused cyclic hydrocarbon compounds, fused heterocyclic com- 
pounds, etyryl compounds, and coumarin compounds. 

[0078] For the binder, it is basically preferable to make an appropriate selection from materials that do not extinguish 
ss fluorescence. It is particularly preferable to use a material that can be finely patterned by photoTrthography, printing or 
the like. It is also preferable to use a material thai te not damagod during ITD or IZO film formation. 
[0079] The light absorbing material is used when light is not fully absorbed by the fluorescent material, and so may 
be dispensed with, If not required. For the light absorbing material, it is preferable to make a selection from materials 
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that do not extinguish fluorescence. 

[0080] To form the hole injecting and transporting layer, the light emitting layer and the electron Injecting and trans- 
porting layer, H Is preferable to use a vacuum evaporation technique which enables a homogeneous thin film to be 
obtained. According to the vacuum evaporaiton process, it is possible to obtain homogeneous thin films in an amor- 
s phous state or with a crystal grain diameter of at rnosl 0.1 urn. Ths use of a thin film having a crystal grain diameter 
exceeding 0.1 u/n results in non-uniform Ifghl omission. To avoid this, ft is required to Increase the driving voltage of 
the device: however, there la a striking drop of charge injection efficiency. 

[0081] (Mo particular limitation is Imposed on vacuum evaporation conditions. However, an evaporation rate of the 
order ol 0.01 to 1 nm/eec, is preferably applied at a degree of vacuum of 1 0" 4 Pa or tower. It is also preferable to form 

10 the layers contriuously In vacuum. If the layers are continuously formed in vacuum, high properties are then obtained 
because the adsorption of impurities on the interface between the adjacent layers can be avoided. Furthermore, the 
driving voltage of the device can be lowered while the growth and occurrence of dark spots are Inhibited. 
[0082] When the vacuum evaporation process is used to form the layers, each containing a plurality of compounds, 
It is preferable to carry out co-evaporation while boats charged with lhe compounds are Individually placed under 

» temperature control. 

[0083] The organic EL device of the invention is gcnsrally of the DC drive type while It may be of the AC or pulse 
drive type. The applied voltage Is generally of the order of 2 lo 20 volts. 

EXAMPLE 

so 

[0084] The present invention are explained more specifically with reference to some examples. 
Exampjel 

[0085] A glass substrate was provided thereon with an B5 nm-thick I TO transparent electrode (hole injecting eleo- 
trode) in such a way thai pixels (280 x 2S0 ujti per pixel) were patterned on the I TO transparent electrode according 
to an array of 84 dots x 7 lines. Thsn, lhe substrate with the patterned hole injecting electrode formed on it was uftra- 
sonlcaBy washed with neutral detergent, acetone, and ethane*, and then pulled up from boiling ethanol, followed by 
drying. The substrate was subsequently cleaned on its surface with UV/O a . Then, the substrate was fixed toa substrate 

30 holder In a vacuum evaporation system, which was evacuated to a vacuum of 1 x 10* Pa or lower. 4,4\4.Mris(-N- * 
, (3-methylphenyl)-N-phenylajiiino)triphenyiamine (m-MTDATA) was deposited by evaporation at a deposition rata of 
0.2 nm/sec. lo a thickness of 40 nm, thereby forming a hole injecting layer. With the vacuum stai maintained, N.N'- 
diphenyl-N.N'-m-toJyM.^-diamlno-l , 1 '-biphenyl (TPD) was then deposited by evaporation at a deposition rata of 0.2 
nm/sec, to a thickness of 35 nm, thereby forming a hole transporting layer. With the vacuum still kept, tris(S-quino- 

3* linolatojaluminum (Alq 9 ) was deposited by evaporation al a deposition rate of 0.2 nm/sec. to a thickness of 50 nm, 
thereby forming a combined electron injecting/transporting and light emitting layer. With the vacuum still kept, MgAg 
was deposited by co-evaporation at an evaporation rate ratio of Mg:Ag = 1 : 10 to a thickness of 200 nm. thereby lorming 
an electron injecting layer. With the vacuum still maintained, this EL device substrate was transferred to a sputtering « 
system where an Al protective film of 200 nm in thickness was formed at a sputtering pressure of 0.3 Pa by means of 

40 a DC sputtering process using an Al target. Ar was used for the sputtering gas, with a power input of 500 \A£ a target 
diameter of 4 inches, and a substrate-target distance of go mm. The thus obtained film form of organic EL structure 
had a total thickness of 61 0 nm. Finally, an adhesive agent and spacers shown In Table 1 were Used lo bond a glass 
material sealing sheet shown in Table 1 to the substrate and thereby close up an organic EL structure. The glass 
material used was soda lime glass of 1.1 mm and 0.7 mm in thickness. Some sheet glasses were ground (with 20 urn 

« undulattons of lhe 1.1 mm thick glass, and 1 5 to 20 \xm undulations ot the 0.7 mm thick glass), and some glasses were 
nol ground (with 30 to 40 \xn\ Lhick undulations of the 1 . 1 mm thick glass). 

[0086] In the air atmosphere, a DC voltagB was applied on the thus obtained organic EL device to drive It continuously 
for 100 hours at a constant current density of 1 0 mA/cm2 under acceleration conditions or 60^0 temperature and 95% 
humidity to make estimation of the occurrence of dark spots. The results are shown In Table 1 . 

60 



Table 1 



Sample No. 


Thickness of sealing sheet 


Undulations (urn) 


Spacer (urn) 


Dark Spots 


t 


1.1 mm 


20 


100 


< 10 jim, undetected 




l.i mm 


20 


20 


10 - 50 nm 


3* 


1.1 mm 


20 


7 


50- 100 iun 



* Comparfeftfl 
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Table 1 (continued) 



Sample No. 


Thicknosc ot sealing sheet 


Undulations (u/n) 


Spacer (ujn) 


Dark Spots 


4 


1.1 mm 


30-40 


100 


< 10 j-um, undetected 


a* 


1.1 mm 


30-40 


20 


50 - 1 00 fim 


6* 


1.1 mm 


30-40 


7 


50 - 200 |im 


7 


0.7 mm 


20 


100 


< io jim. undetected 


8* 


0.7 mm 


20 


20 


25- 100 urn 


9- 


0.7 mm 


20 


7 


50 - 200 urn 



* Comparison 



[0087) Ae can be seen from Table 1 , dark spots are little found in the Inventive samples. Thus, the inventive samples 
show good performance. 

Exampfe2 

[00$8] Organic EL devices were prepared following Example 1 with the exception that recesses wore provided in 
the unground glass sealing sheets of 1.1 mm in thickness, used in Example 1 , by processing means shown in Table 
&Q 2. and these recesses were bonded to the substrates with no use of any spacer while they were in opposition to the 
organic EL structures. 

[0089] As in Example 1 , the obtained organic EL devices were estimated. The results are shown In Table 2. 



Table 2 



25 


Sample No. 


Thickness of sealing 
sheet 


Processing of sealing 
sheet 


Depth of recess fjim) 


DarkSpols 




11 


1.1 mm 


Sandblasting 


100 


< 10 urn, undetected 




12* 


1.1 mm 


Sandblasting 


20 


50- 100 urn 


30. 


13 


1.1 mm 


Etching 


100 


< 1 0 nm, undetected 


14 


1.1 mm 


Etching 


20 


10 -25 urn 




15 


1.1 mm 


Grinding 


10O 


< 10 pm undetected 




IB* 


1.1 mm 


Grinding 


20 


10 - 50 \im 
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[00d0] As can be seen from Table 1 , dark spots are little found in the inventive samples. Thus, the inventive samples 
show good performance. , . 

[0O91] According to the present invention, it is thus possible to provide an organic EL device comprising a sealbig 
sheet that can be produced at low costs yet with high productivity, and can have no interference with an organic EL 
40 structure while there is a proper clearance between them. 

[0092] Japanese Patent Application No. 299524/1987 is herein Incorporated by reference. 

[0093] Although some preferred embodiments have been described, many modifications and variation© may be made 
thereto in the lighl of the above teachings. It is therefore to be understood that within the scope of the appended claims, 
the Invention may be practiced otherwise than as specifically described. 

45 

Claims 

1 . An organic electroluminescent device, which comprises a substrate, an organic electroluminescent structure pro- 
bo vided on the substrate, and a sealing sheet located at a position above said substrate, where said sealing sheet 

is rn no contact with said organic electroluminescent structure, and in which a height from a surface of said sub- 
strate, on which a film form of organic electroluminescent device structure is formed, to a Junction of said sealing 
sheet with said substrate has a value larger than a value obtained by adding a size of an irregularity or undulation 
ot said sealing plate to a height of said organic electroluminescent structure. 

55 

2. The organic electrolumirtescent device according to claim 1 . wherein said sealing sheet is an unground Mat sheet 

3. The organic electroluminescent device according to claim 1. wherein the size of said irregularity or undulation of 
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said sealing shoct is within 60 urn. 

4. The organic electroluminescent device according to claim 1 , wherein the height from the surface of said substrate, 
on which said film form of organic electroluminescent structure Is formed, to the junction of 3ard sealing aheet with 

s said substrate is up lo 120 |±m. 

5. The organic electroluminescent device according to claim 1 , wherein a spacer id Interleaved between thB surface 
of said substrate on which said film form of organic electroluminescent structure is formed and the junction of said 
sealing sheet with said substrate. 

to 

fi. The organic electroluminescent device according to claim 1 , wherein a recess is provided in a lower side of said 
sealing sheet and in at least an area of said sealing shectthat opposes to said organic electroluminescent structure, 
so that the height from the surface of said substrain on which said film form of organic electroluminescent structure 
is formed, to the junction of said sealing sheet with said substrate is adjusted by a depth of said recess. 

7. The organic electroluminescent device according lo claim 6, wherein the recess in said sealing sheet is formed 
by sandblasting or culling. 

8. The organic electroluminescent device according to claim 6, wherein said sealing sheet is bonded to said substrate 
20 using an adhesive agent having a spacer of 3 to lOu/n. 



30 



3S 



40 



4$ 



SO 
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